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Abstract 
Human population is always exposed to ionizing radiations from natural sources present in the earth crust. Hence the analysis of 
uranium in soil sample has great significance due to health hazards to human beings. For the purpose, some different soil samples 
collected from some area of Jharkhand have been analysed for trace uranium concentration using the fission track technique. 
Lexan polycarbonate was used as detector for recording fission tracks. As reactor neutron spectra is associated with both thermal 
and fast neutron fluxes; correction to the present uranium data due to fast neutron fission of 232Th was also applied. The uranium 
contents were estimated by comparing the track densities detectors immersed in the sample and the standard uranium solutions, 
irradiated along with the samples under the same irradiation conditions. The uranium in the soil samples were found to vary from 
209 ng/g to 991 ng/g.  
© 2015 The Authors. Published by Elsevier B.V. 
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1.  Introduction 
Naturally occurring heaviest radioactive toxic elements, uranium is found in traces in almost all types of rocks, 
soils and sand etc. The main types of rocks and soil in Jharkhand area are quartzites, Chloritic Schists, biotite 
chlorite, quartz schists, mica schists. Uranium to the surface soil also occurs through the human activity in mining 
and milling. The concentration of radionuclides in soil is directly relevant to the outdoor radiation exposure as well 
as their intake through food and water. Uranium in soil is transported physically to plants such as cereals, pulses, 
tubers grown in the soil and finds its way into human beings.  
Fission track technique has been widely used for the determination of uranium in environmental samples such as 
soil, leaf etc. The earlier worker (A. Azam et al., 1989, P. J. Jojo et al., 1991, P. S. Kanwar et al., 1996, S Mittal et 
al., 1998)have used the dry solids samples along with detector for the estimation of radionuclides. Hence for any 
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quantitative determination, it is essential to count the total number of tracks over the entire detector area which is 
time consuming and tedious. All these problems can be reduced if the tracks are recorded from the samples of 
solution medium. 2M HNO3 acid used as solvent.  
In the present study, trace uranium in soil of Jharkhand have been measured using this technique. In a reactor 
irradiation the contribution from the fast neutron induced fission of 232Th present in soil samples becomes significant. 
Therefore, corrections have been applied to the uranium data; in the present work due to the fast neutron of 232Th (B. 
P. Singh et al., 2008). The present data obtained for soil samples from Jharkhand region have also been compared 
with the data existing in the literature for soil samples of other Indian states.  
2. Experimental method 
Soil samples were collected in clean and dry polyethylene bags from various sites of North Jharkhand. The 
samples were properly dried and ground to a powder form. A known amount of soil sample was taken for the 
analysis. The samples were leached with 2M nitric acid. The leached solutions were then taken for the analysis. 
Samples of about 200 microlitres solutions of the soil samples along with a lexan detector strip were sealed in poly 
propylene tubes and irradiated with neutrons in D-8 position of Apsara reactor for 1h.  
The reactor neutron spectra have both thermal and fast neutron components. Hence in a reactor irradiation, the 
contribution from the fast neutron induced fission of 232Th   present in soil samples becomes significant. Therefore, 
corrections have been applied to the uranium data; For this purpose the irradiations were done with and without 
covering the samples with 1mm thick cadmium wrapper. 1 mm thick cadmium cover cuts off the thermal neutron 
component of the reactor spectrum and hence in this irradiation condition we get only the fast fission contributions 
of 232Th.  
Uranium standards of different concentrations such as 2 ng/g, 1 ng/g, and 0.5 ng/g were also irradiated 
simultaneously. But for the uranium concentration measurements in the soil samples, uranium standard of 493 ng/g 
was used. This standard gave 910 tracks in about 0.2 cm2 areas of the detector. After the irradiation, the track 
detector strips were chemically etched in 6M NaOH at 600C for 1h and the fission tracks in the detectors were 
counted using an optical microscope to obtain track density. For detectors in the samples irradiated without 
cadmium cover, the numbers of tracks counted were about 235-892 and the areas scanned were about 0.75 cm2-0.80 
cm2. In the case of cadmium wrapped sample, the tracks counted were 45-125 and the areas scanned were 0.29 cm2-
0.39 cm2. Ten samples were analyzed for their uranium content. The blank correction and corrections due to fast 
neutron fission from 232Th were also applied to the fission track densities. The blank corrections were estimated by 
irradiating the detectors placed in 2M HNO3 solution in the tubes along with sample tubes. The maximum number of 
tracks obtained was 32 over a scanned area of 0.71 cm2 in the case of blank. The fast neutron fission corrections 
were estimated from the track density data obtained from the samples irradiated with cadmium wrapper. All the 
track density data are given in the table 1. 
 
Table 1. 
Sample No. Nature of the 
sample 
Av. Track density of 
samples without Cd cover 
(Td) 103 pits/cm2 
Av. Track density of 
samples with Cd cover 
(Td') 103 pits/cm2 
Net Track density   
103 pits/cm2 
Td/Td' U. Content (ng/g) 
S-1 Soil 5.77+0.52 0.31+0.01 5.45+0.51 18.5 868±81 
S-2 Soil 6.21+0.56 0.34+0.01 5.86+0.55 17.8 933±87 
S-3 Sand 1.64+0.22 0.16+0.02 1.49+0.2 10.4 237±22 
S-4 Sand 1.54+0.15 0.11+0.02 1.43+0.13 13.7 227±21 
S-5 Stone 2.22+0.21 0.16+0.02 2.06+0.19 13.4 327±30 
S-6 Stone 1.77+0.17 0.16+0.02 1.61+0.15 10.9 255±24 
S-7 Brick 3.95+0.36 0.27+0.02 3.68+0.34 14.2 584±54 
S-8 Coal 6.53+0.58 0.39+0.01 6.13+0.57 16.7 976±90 
S-9 Coal 6.60+0.59 0.36+0.01 6.24+0.58 18.2 991±92 
S-10       Cement 1.42+0.13 0.10+0.01 1.32+0.12 13.5 209±19 
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3. Result and Discussion 
Uranium content was found to be in the range of 209 for cement to 991 ng/g of coal. The data are presented in 
Table-1. Two samples from each matrix were analysed. The uranium concentration in the soil samples from 
different region of our country varies from 160 ng/g to 6.0 μg/g. The present data of uranium in Jharkhand soils & 
other samples are comparable with the data of others states. Apart from this uranium content also depends upon the 
nature of soil. The error quoted for each value reflex the uncertainty (Standard deviation, 1σ) in the tracks density 
based on two measurements.  
4. Conclusion 
The environment samples of soils are collected from different part of Jharkhand state have been studied. In most 
of the soil samples containing uranium lies within the normal level. For the determination of uranium by using 
Fission Track Technique its values lies between 209 to 991 ng/g. This shows that the uranium content vary with the 
nature of materials. Thus the result reveal that the area is safe as far as the health hazard effects. 
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